When two spherical shells of radius R are in contact with a contact force F they each deform from a spherical shape. For small forces the deformation is a slight flattening localized around the point of contact. The deflection of the contact point is δ/2 in our notation, and is given by [1] :
where k = 2Ed 2 / 3(1 − ν 2 ) and ν the Poisson ratio. If the contact force in a low volume fraction packing is calculated using Eq. 1 for all δ values we obtain the force distribution shown in Fig. S1B (black points). However, more than 50% of contacts deform by a large force, as shown by Fig. S1A . For larger forces one of the shells buckles, resulting in a dimple with inverted curvature. The relation between force and deflection is now given by Ref 2, 3 
where c = 0.534Ed 5/2 π/(1 − ν 2 ) √ R. Fig. S1C compares these two analytical results, which intersect at δ c /R = (c/k) 2 . The force distribution calculated with Eq. 2 is shown in Fig. S1B (blue points), but it seriously underestimates the number of small forces in the packing. If the force distributions are calculated from the experimental data using Eq. 1 for δ i,j < δ c and Eq. 2 for δ i,j > δ c we obtain distributions with unphysical discontinuities, as shown in Fig. S1B (red points). The low value is caused by the narrower width of the last bin used for binning data with Equation 1. An analytical formula interpolating smoothly between these limits is not known, although many numerical results exist, e.g.
Ref. 4.
A suitable formula that accomplishes this can be found by starting with the assumption that the total deflection is the sum of that due to the linear contribution, which is localized near the apex, and the nonlinear contribution, which is due to the dimple formation [5, 6] . Thus, writing x = δ/R we find:
Solving for F leads to
This curve is compared with Eqs. 1 and 2 in Fig. S1C (green curve). While it correctly describes the limits for small and large x the convergence at large x is unsatisfyingly slow due to the term −1 in Eq. 4. To improve this we add an empirical term that corresponds to a sigmoidal curve that climbs from 0 to c 2 /2k around the crossover point x c = (c/k) 2 :
(5) The added term has no linear term in its Taylor expansion to avoid interference with the low x limit. Futhermore, we give it a prefactor slightly below 1 to produce an optimal fit in the relevant range 0 < x < 1. It is compared with the other curves in Fig. S1C (red curve). Differences with Equations 1 and 2 are very small.
To validate our stitching force law against experimental data we compare it to Atomic Force Microscopy measurements from Ref. 7 on similar shells of radius 365 nm and three different shell thicknesses. It is seen that Eq. 5 describes the data quite well, providing confidence in its validity. The force distribution obtained using this force law is shown in Fig. S1B (green points). A smooth distribution is found that matches the ones found using only small or only large forces in their respective ranges.
B. Force network
A quantitative analysis of force chains was performed based on a definition for a force chain that avoids the branching and merging of the force network, as described in the article by Desmond et al. [8] . From their definition a force segment belongs to a force chain if it is one of the two largest forces on both particles joined by the force segment. In this way the maximum number of forces on a particle is limited to two, thereby avoiding branching of the chains. In addition to this we set the limit of the minimum length of a force chain to three particles, or two force segments. Note that in this definition even small forces below average can also become a part of force chain, provided it is the largest for the given particle and its contacting neighbor. The average length of the chains in our jammed shell packings at various ϕ and at various shear amplitudes are given in the Table S2 .
For further investigation of the correlation in the direction of the force segments within chains, we plotted the probability of the angle (α) between the force segments in a force chain normalized by the unit solid angle, as shown in Fig. S3 A and B for compression and shear. The probability P (α)/ sin(α) is non-uniform in both cases: it has a small peak at α around 60 • and a high peak near 180 • . For all volume fractions and shear strains the probability is strongly suppressed for α < 60 • due to the narrow size distribution of the shells. The peak around 60 • indicates an enhanced tendency for larger forces to form trimers in the system; a similar peak was also observed in experiments on monodisperse compressed emulsions [9] . However, the peak height is rapidly reduced and is shifted to higher angles with increasing volume fraction ϕ. In addition, for the packing, ϕ = 0.810 ( Fig. S3 A) , we find more or less three prominent peaks: around 60 • , 120 • and near 180 • , which again is a sign that there is local ordering in the sample, but not confirmed by local bond order analysis [10] . For shear deformation, the probability at 180 • is found to be slightly higher compared to that in compression, but there is no big change with increase in shear strain (Table S2) . From the distribution P (α)/ sin(α) we measured the persistence length of the chains given by [11] ,
where 2R t is the mean diameter of the particle. Table S2 shows the persistence length of force chains at different volume fractions and for different strain amplitudes plotted in Fig. S3 A and B . The value of the persistence length is smaller than the average length of the chain, especially for compression. However, clearly long-range chain like correlation is higher in the shear experiments as compared to a uniaxial compression. 
